In a group of 62 patients with Parkinsonism, 44 had significant bladder dysfunction, although only one had acute urinary retention. Twenty-five showed a hyperactive type of detrusor function with decreased capacity and an increased volume/pressure response on cystometrography. Of these 25 patients, 23 had marked somatic rigidity with or without tremor. In contrast, 19 patients had hypoactive function manifested by an increased bladder capacity and a decreased volume/pressure response shown in the cystometrogram; of this group 11 had marked tremor with very little rigidity. Forty-nine patients underwent one or more stereotaxic thalamotomies. The effect of surgical therapy on both types of bladder dysfunction was generally favorable in 40 of these patients whose somatic manifestations were satisfactorily controlled.
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neurogenic bladder Parkinsonism thalamotomy extrapyramidal system autonomic function cystometrogram LTHOUGH Parkinson's disease was described over 150 years ago there have been only occasional references to the occurrence of urinary bladder dysfunction as a component part of this symptom complex. 6,7 In 1957, Bors 2 demonstrated with cystometric studies the occurrence of an incomplete upper motor neuron type of neurogenic bladder in patients with extrapyramidal dysfunction. More recently Murnaghan s has reported a high incidence of bladder dysfunction in a series of 29 patients undergoing stereotaxic surgery. It is the purpose of this report to identify further the types of bladder dysfunction that may occur in patients with Parkinson's syndrome and evaluate the patients' response to stereotaxic thalamotomy.
Clinical Material and Methods
Our clinical material consisted of 62 patients varying in age from 32 to 68 years with an established diagnosis of Parkinsonism. All but four of these patients were male. The patients had been diagnosed on the basis of their characteristic tremor, rigidity, and bradykinesia and were treated accordingly with anti-Parkinson medication for at least a year before being referred for surgical consideration. Preoperative screening included serial neurological examinations, electroencephalogram, psychological testing, psychiatric evaluation, and examination by a physiatrist to establish the degree of physical disability, particularly with regard to manual dexterity.
Urinary Evaluation
An extensive genitourinary evaluation as outlined by Bors and Turner ~ was performed on all patients regardless of their presenting symptoms. This included a thorough urological history and physical examination following which an intravenous urogram with a post-voiding cystogram was performed. The latter procedure consisted of anteroposterior radiographs taken before and after voiding at an interval of 30 min following the intravenous injection of contrast material (50 cc of Renografin-60). The size and contour of the bladder and the presence of any residuum were noted. A direct measurement of residual urine and a cystometrogram were done on those patients who had definite urinary symptoms or who demonstrated evidence of significant residual urine on cystography. Either a Lewis cystometer (American Cystoscope) or an Offner polygraph and Stathem strain gauge were used to record the bladder response to distention (volume/ pressure curve; bladder "tone"). The latter equipment facilitated the simultaneous recording of tremor activity with an accelerometer (piezoelectric transducer type, Endevco). In patients who showed neither clinical nor x-ray evidence of bladder dysfunction, it was felt that further investigation was not justified and they were therefore not catheterized. Operative cases were reevaluated 2 to 4 weeks following surgery and again 4 to 8 months later. Nonoperative cases were reexamined at yearly intervals. In a few patients it was not possible to definitely exclude obstructive uropathy as the basis for urinary dysfunction; they were therefore excluded from this study.
Surgery
Patients were selected for surgical therapy on the basis of their duration and severity of symptoms, the degree of their disability, their over-all medical condition, the extent of any psychiatric manifestations, and their response to prior medical management. In cases selected for surgery, thalamotomy was performed on the appropriate side using the Leksell stereotaxic apparatus. Lesions were made in the nucleus ventralis lateralis with a radiofrequency generator ~ through unipolar electrodes 2.1 mm in diameter with an exposed tip of 4 mm2 Lesions were calculated to be 6 mm in width and from 6 to 8 mm in depth, but none have been verified histologically. When indicated, a lesion has been made on the second side from 4 months to 3 years following the initial surgery.
Results
Forty-four of the 62 patients showed evidence of significant bladder dysfunction. A1-though in only 17 cases were urinary symptoms part of the presenting complaint and in only one was there acute retention, all 44 patients admitted some form of urinary abnormality when directly questioned. Objective tests performed subsequently confirmed this and revealed that the bladder dysfunction associated with Parkinson's syndrome could be identified as being either hypoactive or hyperactive in nature.
Hypoactive Dysfunction
Nineteen of the 44 patients with bladder symptoms showed evidence of hypoactive detrusor activity. Early in the course of the disease, patients usually did not volunteer any subjective complaints although on questioning many stated that they had noticed a less frequent desire for micturition. In more advanced cases the most frequent symptom was that of precipitate micturition. This was characterized by a sense of urgency to void developing soon after the first sensation of bladder fullness was perceived. Significant residual urine (10% or more of the bladder capacity) invariably developed and with it the symptoms of frequency and nocturia. Objective signs of hypoactive function could be demonstrated by means of the urogram and cystometrogram. The urogram often indicated an increased bladder size and residual urine after voiding. Cystometric studies revealed flattened volume/pressure curves (shift to the right) and uninhibited detrusor contractions, which served as the basis for establishing the type of neurogenic bladder dysfunction present (Fig. 1 A) . Decreased sensation on filling the bladder and an increased bladder capacity were typically found.
Hyperactive Dysfunction
Twenty-five patients showed evidence of hyperactive detrusor activity. This type of bladder disorder was characterized by those signs and symptoms more commonly associated with an upper motor neuron type of lesion. Frequency and nocturia were the most common complaints. Residual urine was present early in the course of the disease and could be demonstrated in all patients. This was shown on the post-voiding cystogram but was confirmed by catheterization. Cystometrograms on these patients indicated an Effect of thalamotomy on neurogenic bladder increase in the volume/pressure curve and a decrease in the capacity of the bladder (Fig.  1 B) . The subjective perception of fullness of the bladder and a desire to void were reported at an early stage in the course of filling the bladder. Spontaneous detrusor contractions were common. Table 1 lists the incidence of bladder dysfunction and other visceral manifestations grouped according to the relative predominance of tremor and rigidity. These figures were obtained at the time that a decision regarding surgical therapy was first made. The duration of symptoms ranged between 23 months and 13 years. It is readily apparent that most of the patients with hyperactive bladder function exhibited significant cogwheel rigidity. In contrast, the majority of patients with hypoactive function had tremor as their predominant somatic manifestation.
Relationship to Other Symptoms

Relationship of Bladder Distention to Tremor
In 21 patients the relationship between tremor and distention of the bladder during cystometry was objectively measured. In all patients the amplitude of the tremor was increased at least to some degree and in five patients the frequency was slightly increased as well. In the eight hypoactive cases the effect upon tremor was more pronounced and occurred at a lower intraluminal pressure than in the hyperactive type (Fig. 2) . Furthermore, the augmentation of tremor was apparent long before the subjective perception of bladder fullness. It is of interest that three of the patients in this group had volunteered the information that bladder fullness accentuated their tremor before they were otherwise aware of it.
Surgical Results
In this series 49 patients underwent one or more stereotaxic operations for the relief of their extrapyramidal symptoms. A total of 76 definitive operations were performed. Three patients had to have the first-stage operation repeated since the effect upon tremor and rigidity was not satisfactory. These initial ineffective operations appeared to have no effect upon the bladder and were not included in the tabulated summaries of results. The immediate postoperative effects ( 2 -4 weeks) of thalamic lesions on these patients are summarized in Table 2 . In this table patients are categorized according to the extent of the somatic manifestations at the time of the first operation. There were 24 patients who presented with predominantly unilateral findings. A1-though some evidence of tremor a n d / o r rigidity m a y have been present on the opposite side, it was the clinical impression that unilateral t h a l a m o t o m y would be sufficient to treat the current manifestations. Eleven of these subsequently developed significant symptoms on the opposite side, and nine underwent a second stage thalamotomy. 
Effect of thalamotomy on neurogenic bladder
Twenty-five patients presented significant bilateral symptoms, and it was anticipated initially that bilateral stereotaxic surgery would be necessary to obtain symptomatic relief of somatic manifestations. Only 18 of these have had their second stage at the time of this report.
Neurogenic bladder dysfunction was more frequently seen in bilateral than in unilateral cases. When seen in patients with unilateral findings it responded well to surgery provided the opposite side did not immediately become involved. If so, the improvement after the first stage, predominantly subjective, was usually transient. In the majority of those cases that were bilateral at the outset, thalamotomy performed for the first side failed to afford relief of bladder manifestations, when objectively considered. Subjectively, about one-half of the patients reported improvement but this was short-lived.
It was only after bilateral stereotaxie surgery that improvement in bladder function could be consistently documented.
It was observed that following thalamotomy there were four patients with hyperactive bladder function who previously had shown either hypoactive disorder or normal function (two cases each). The opposite was not seen, namely, the development of hypoactive bladder disturbance in a patient who had previously shown hyperactive function. Table 3 summarizes the results of surgical therapy on bladder function in 40 patients whose somatic manifestations were significantly improved by unilateral or bilateral thalamotomy when evaluated 4 to 8 months following the last operation. These results indicate that this type of neurogenic bladder is responsive to surgical therapy although the response is not as prompt nor as successful as the treatment of the somatic manifestations. Furthermore, the subjective response of the individual was often more pronounced than the objective evidence of improvement.
Nonsurgical Observations
During the course of observation of the presurgical and nonsurgical groups of patients, it was noted that in 11 cases bladder function changed spontaneously from one type to another. Nine of these were seen to develop hyperactive detrusor activity either from a previously normal bladder (seven cases) or from the hypoactive state (two cases). In all patients this change closely parelleled the development of somatic rigidity. Only two patients were found to develop spontaneously hypoactive function wh'le under observation. Both of these previously had normal function.
Discussion
Although some form of bladder dysfunction could be demonstrated in a majority of patients with Parkinson's syndrome, it was not of a particularly disabling nature. This latter finding is consistent with the 0.7% incidence of acute urinary complications before surgery and 1.2% following operation reported by Waltz 9 in a much larger series.
The relationship between the two types of dysfunction is not clear. Although it is possible that they represent different stages in the progression of the disease process, patients were observed to pass directly from the normal state into both types of bladder disorder. The apparent relationship of detrusor activity to somatic signs suggests that the same imbalance of neural systems that determines the variable manifestation and progression of tremor and rigidity might also account for the variability of visceral function as well.
The major effect of thalamic lesions on bladder function appeared to be that of increasing the activity of the detrusor muscle. This is consistent with the findings reported by Murnaghan. 8 This was much more apparent in patients with hypoactive bladder function than in those with the hyperactive form. The most consistent change in the latter group was a decrease in the amount of resid-
Robert W. Porter and Ernest Bors
uum. This improvement may well be related to the effect of thalamotomy on somatic rigidity and, hence, on the function of the external sphincter. The effects of bilateral thalamotomy on normal bladder function appeared to be minimal and transient in nature. The few postoperative cystometrograms obtained in preoperatively normal patients were not diagnostic in the absence of control studies.
These results further indicate that the extrapyramidal system is involved in the regulation of visceral activity, although meaningful conclusions in terms of dysfunction of known central nervous system influences on the bladder 3 cannot as yet be drawn. However, they do emphasize the need for further investigation of this aspect of extrapyramidal disease.
